Salient but irrelevant stimuli seem to cause an automatic orienting of covert attention, facilitating the detection of targets at the cued location for a brief period of time. However, this finding is highly dependent on the number of possible target locations, at least when the simple detection of targets is all that the task requires. Whereas small numbers of possible target locations (e.g., 2 or 3) produce the well-known advantage in response time for valid cue trials (i.e., a positive cuing effect), larger numbers of possible target locations (e.g., 6 or 8) produce a negative cuing effect. If not explained in terms of a nonattentional mechanism, this latter finding raises serious questions about the standard interpretation of positive cuing effects. The present experiment tested a particular nonattentional mechanism: that a confound between target presence and apparent motion, which occurs only on invalid cue trials, is responsible for negative cuing effect. We reduced or eliminated this confound by the use of a new type of catch trial and eliminated the negative cuing effect with large numbers of target locations.
It has long been known that salient stimuli can capture visual attention without causing movements of the eye or head (Helmholtz, 1866 (Helmholtz, /1924 . This form of exogenous orienting of covert attention (or what James, 1890, called the "passive immediate sensorial attention"), occurs frequently in daily life. For example, a flash of lightning or fireworks in the night sky draw attention, an unusual outfit in a crowd is usually noticed immediately, and insects flying in the periphery can be distracting. Odd singletons or the sudden appearance or disappearance of a stimulus may also excite preattentional sensory processes and capture attention almost reflexively (Folk, Remington, & Johnston, 1992; Jonides, 1981; Muller & Rabbitt, 1989; Theeuwes, 1991) . Involuntary shifts of attention to these salient stimuli may be a basic and hard-wired skill that helps the organism solve one of the major problems of living in an information-rich visual environment by quickly determining which particular object or location should be selected for more complete processing. As a result of attentional capture, the efficiency of processing may be increased, quickly leading to specific responses, such as a saccade toward the attended location or flight away from the attended object.
An experimental paradigm established by Posner and Cohen (1984) is widely used for studying the capture of spatial attention. Response time (RT) is the outcome measure. The operational definition of attentional capture is when mean RT to targets in the cued location is less than mean RT to targets in uncued locations. Recently, however, we and others have reported atypical results: a negative cuing effect in which targets can appear in a larger number of display locations than is usually used (Chen, Moore, & Mordkoff, 2008; Gawryszewski, Carreiro, & Magalhaes, 2005; Mordkoff, Halterman, & Chen, 2008) . The general goal of the present research is to examine a possible explanation for these atypical findings. We begin with a brief review of the paradigm and the typical finding of a positive cuing effect.
Positive Cuing Effects as the Signature of Attentional Capture
Making a response to indicate simple detection of a stimulus is facilitated if the stimulus is in an attended location. Using this finding as a tool, investigators often infer the occurrence of exogenous orienting from any advantage for stimuli in cued locations. However, detection can be affected by sensory factors, in addition to attentional orienting. Furthermore, motor factors may also have effects on performance, and therefore the results may be difficult to interpret. The seminal empirical approach established by Posner and his colleagues aims to clearly separate nonattentional factors from attentional facilitation by using easily detectable, above-threshold stimuli in a noise-free environment while requiring only a speeded, nonchoice, simple response (Posner, Snyder, & Davidson, 1980) . Instead of searching for an oddball in a busy visual display, Posner's exogenous cuing paradigm (Posner & Cohen, 1984) uses an irrelevant stimulus to capture attention before the presentation of the target to which a response must be made. If an uninformative cue captures attention, then responses to targets that appear in the cued location will be faster than those to targets in uncued locations. Many studies have found this pattern (Mangun & Hillyard, 1991; Posner & Cohen, 1984; Pratt, Hillis, & Gold, 2001; Pratt & McAuliffe, 2001 ), which we call a positive cuing effect.
Simple-RT tasks allow information processing to proceed from target detection to response execution without the detailed involvement of online stimulus identification, response selection, or complex motor programming. It is assumed that adding an exogenous cue before a target adds only one important component to processing: the orienting of spatial attention to the location of the cue, which will affect RT in the manner described earlier. Therefore, any influence of the cue's validity (i.e., whether it occurred in the same or a different location from the subsequent target, which is always by chance in this paradigm) is assumed to reflect attentional capture. However, the finding that supports this assumptionnamely, a positive cuing effect-is found only when the stimulus onset asynchrony (SOA) between the cue and the target is short (Klein, 2000; McAuliffe & Pratt, 2005; Posner & Cohen, 1984; Samuel & Kat, 2003) . When the SOA is made much longer (e.g., 300 ms or more), cued targets lose their advantage and a negative cuing effect is observed instead (Posner & Cohen, 1984) . This particular phenomenon is usually called inhibition of return (IOR) and is argued to be either an attentional effect (Posner, Rafal, Choate, & Vaughan, 1985) or a motor effect (Taylor & Klein, 2000) . Neither of these explanations raises any questions about Posner's interpretation of the positive cuing effect that is found at short SOAs. Rather, the reversal of the original pattern of results as SOA is increased merely indicates that the unambiguous benefits of valid exogenous cues are very brief, and therefore, in order to use exogenous cuing as a tool to study attentional orienting, at least in the manner developed by Posner, a short SOA must always be used. In summary, a positive cuing effect at a short SOA is an RT advantage for cued targets over uncued targets, and it is widely taken as a signature of attentional orienting.
Negative Cuing Effects as an Indication of Attentional Inhibition?
Recently, we and others have observed large negative cuing effects using exogenous cues at short SOAs when the number of locations at which targets can occur is increased Gawryszewski et al., 2005; Mordkoff et al., 2008) . When targets can appear at any of four locations, for example, the effect of an exogenous cue is to slow responding on valid cue trials by as much as the same cue would speed responding when there are only two possible locations . When eight locations are used, the negative cuing effects can be many times larger than the positive effect with two locations . This shift in the data appears to result from two factors with statistically additive effects: The overall probability that the target will appear at the cued location decreases (from 50% with two locations to 25% with four locations to only 12.5% with eight locations), and the probability that preceding trial involved a valid cue also decreases (again, from 50% to 25% to 12.5%). The combination of these two effects (through mechanisms that are not yet fully understood) causes a negative cuing effect for experiments with large numbers of display locations.
In contrast to the negative cuing effects that are found at long SOAs (i.e., IOR), the negative cuing effects that have been found at short SOAs when large numbers of target locations are used pose a serious challenge for the standard interpretation of exogenous cuing. Furthermore, the probability-based account provided by Mordkoff et al. (2008) goes against the widely accepted view that salient events always capture attention for at least some brief interval. According to the modal view, a negative cuing effect should never be found at a short SOA. Alternatively, one might entertain the idea that capturing attention to the location of a target can make it more difficult to respond to the target; however, this idea not only is contrary to what is generally assumed about the effects of spatial attention but seems somewhat implausible. Even if one added the idea that increasing the number of target locations can somehow shorten the delay between when attention is captured by the cue and when it is disengaged to move elsewhere (see Theeuwes, Atchley, & Kramer, 2000 , for a similar idea in a different context), the fact that negative cuing effects can be found at SOAs as short as 50 ms would seem to make such a model untenable (see Chen & Mordkoff, 2007) . Until some clear explanation for negative cuing effects with large numbers of target locations is presented, or the change in the results is shown to be caused by some particular (and avoidable) methodological detail, the use of positive cuing effects as a tool to study attentional capture is called into question.
Unintended Stimulus-Response Associations in Exogenous Cuing Experiments
Rather than focusing on how spatial attention might inhibit the processing of a cued target when large numbers of locations are used, we here consider the possibility that some nonattentional mechanism may be responsible for the negative cuing effect. The present study explores the idea that these effects result not from a disadvantage for cued targets or attentional avoidance of cued stimuli when the number of locations is large but from some completely separate advantage for uncued targets. To get an idea of what this other advantage might be, note that the decision to make a target-present response is not necessarily triggered by the detection of a target. Any information that is associated with (i.e., correlated with) target presence might play some role, even if it is not what the instructions required (or the experimenter wanted to study). This discrepancy between the experimental instructions and the actual behavior of research participants has been described before (e.g., Kahneman, 1968; Mordkoff & Yantis, 1991) , and research participants are remarkable in their ability to optimize their performance by picking up on and using a variety of (unintended) sources of information.
Considering the brevity of the SOA (e.g., 50 ms), it is possible that the percept of apparent motion would be induced when the cue and the target are in different peripheral locations (Kolers & Pomerantz, 1971) , but not when they are in the same location or when the target does not appear at all. Therefore, the perception of motion is a strong indicator of target presence and therefore may aid in the production of a rapid response. In other words, although the cue itself does not contain any task-relevant information, the spatial and temporal combination of the cue and the target may provide information that is very useful. However, this apparent-motion information would only be available on invalid cue trials. Therefore, it would result in an advantage for invalid cue trials.
To see how this would occur, start by noting that a response is required when a target is present, and responses are discouraged when targets are absent. Any information related to target presence is therefore of use to a person performing the task. Our working hypothesis is that invalid cues provide information about target presence because of the percept of apparent motion, whereas valid cues are actually associated with target absence because of their similarity to catch trials in that apparent motion is unlikely to be perceived. Thus, such stimulus-response associations, although unintended, would aid performance on invalid cue trials and inhibit performance on valid cue trials, resulting in a negative cuing effect.
If the confound between target presence and apparent motion is indeed responsible for the atypical results that have been found with large displays, then breaking the association between target presence and motion should reduce or eliminate the negative cuing effect. The following experiment was designed to examine this hypothesis by manipulating the type of catch trial that was used. Besides the typical catch trials that include a cue but no target (and therefore contribute to the association between motion and target presence), we also used catch trials with a cue and then a second, nontarget event, which was a second cue. A majority of these catch cue trials would induce the percept of apparent motion but not require a response, thereby breaking the strong association between apparent motion and the need to respond. If the association between apparent motion and responding is responsible for the negative cuing effect with typical catch trials, then the RT advantage for invalid cue trials should be eliminated in the condition with catch cue trials.
EXPERIMENT

METHODS
Participants
A total of 64 undergraduate students from the University of Iowa (41 women; 61 right-handers) participated for partial fulfillment of a course requirement. All reported normal or corrected-to-normal vision. After providing informed consent, each participant was tested in a single session lasting less than an hour. A description of the study's design or purpose was not provided until the session was completed.
Stimuli and Procedure
These experiments were designed to be extendable to the recording of event-related brain potentials, which required some changes to our previous methods (e.g., Mordkoff et al., 2008) . They were conducted in an electrically shielded, dimly lit, soundproof chamber, with the stimuli presented in white on a black back-projection screen. The participants were seated in a comfortable chair with a slightly tilted, desk-sized table over their legs. The single button required by the experiment was located in the center of the table, such that it could be reached easily with either hand while the participants' elbows and forearms rested comfortably on the table's surface.
Three independent variables were included in the experiment. Two of them were manipulated between participants: number of possible target locations and the type of catch trial. The third manipulation was within participants (as it must be): cue validity. Examples of display sequences are illustrated in Figure  1 . Each trial began with 1,000 ms of fixation display, in which a central cross was surrounded by six emptysquare placeholders (at 1, 3, 5, 7, 9, and 11 o'clock). The fixation cross subtended 0.25° of visual angle; each placeholder was 1.15° and appeared 3.45° from fixation. At the end of the fixation period, a cue occurred in the right or left location (i.e., 3 or 9 o'clock) by tripling in thickness of either the right or left placeholder, and the cue duration was 100 ms. Finally, on the majority of the trials (86%), a 1.15° filled-square target appeared 50 ms after the cue occurrence (i.e., the SOA was 50 ms), and therefore there was a 50-ms temporal overlap between the cue and the target, as recommended for observing attentional capture at short SOAs (Maruff, Yucel, Danckert, Stuart, & Currie, 1999; Posner & Cohen, 1984) . The target remained visible until a response was made or 1,000 ms had elapsed. On the remaining trials (14%), no target was presented (i.e., catch trials). In the conditions with typical catch trials, the cue was the only stimulus presented during the trial. In the conditions with catch cue trials, a placeholder other than the cue was tripled in thickness at the time that a target would have been presented (Figure 1d ).
The fixation displays always contained six placeholders, regardless of whether only two or all six locations were being used. These changes should not alter the pattern of results, because neither alters the proportion of valid cue trials (which, as must be the case for exogenous cues, remains at chance, which is one-half for two target locations and one-sixth for six target locations), neither alters the chance that the previous trial was valid or invalid (for the same reasons as earlier), and neither interferes with our manipulation of the number of locations at which targets can appear (see Mordkoff et al., 2008) . However, there could be one or more unknown factors at work, so the standard catch trial experiment was replicated to verify that this modified procedure would replicate the previous findings of a positive cuing effect with two target locations and a negative cuing effect with six locations. Matching all of the previous work Mordkoff et al., 2008; Posner & Cohen, 1984) , the cues were brief luminance increments.
In the conditions with two possible target locations (TL2), the target was randomly presented inside the right or left placeholder (3 or 9 o'clock). In the conditions with six possible target locations (TL6), the target was randomly presented inside any one of the six placeholders. The instructions stressed the null relationship between cue and target locations. The participants' task was to respond by pressing a button with their favored index finger as soon as possible after the appearance of a target and to not respond if no target was presented. The instructions requested that participants maintain a high rate of accuracy. All errors (including false alarms, anticipations, and failures to respond within 1,000 ms on target-present trials) were followed by a low tone plus an explanatory text message during the first block of practice. Each block of trials included 36 targetpresent trials, 6 catch trials, and 5 randomly selected warmup trials. A recovery trial was also inserted after an error, and the error trial was rerun at a random point later in the same block. Participants performed 15 blocks, receiving summary feedback during an enforced 7-s break between adjacent blocks.
Analyses
The first five blocks were treated as practice and were not included in the analyses. Warmup trials and recovery trials were also excluded from the analyses. To match the stimulus conditions across the two levels of display size (i.e., TL2 vs. TL6) and to equalize the number of retained trials across the two levels of cue validity (i.e., valid vs. invalid), only the data from trials with the target appearing directly to the right or left of fixation (i.e., 3 and 9 o'clock, the same two locations at which the cues appeared) were retained for the RT analysis. This retained all of the data from the TL2 participants and one third of the data from the TL6 participants. The data from trials with the target in any of the other four locations (from the TL6 condition) were not analyzed but are included in the summary provided by Table 1 .
RESULTS AND DISCUSSION
Overall Results
The three-way ANOVA on the mean (correct response) RTs found a main effect of the type of catch trial, F(1, 60) = 7.72, p = .007, but also interactions between catch trial type and cue validity, F(1, 60) = 8.18, p = .006, between number of target locations and cue validity, F(1, 60) = 33.29, p < .001, and a three-way interaction, F(1, 60) = 4.07, p = .048. Most important, the type of catch trial had no effect on the size (or direction) of the cuing effect when there were only two target locations, F(1, 30) = 2.14, p = .154, but did have an effect when display size was six, F(1, 30) = 6.07, p = .020 (Figure 2 ). With regard to the overall finding that the use of catch cues can slow responses, there may be a number of reasons for this (Pratt & McAuliffe, 2001 ). One reason is that these trials may make participants more cautious in general, because any particular second stimulus on a trial might not be a target. However, in the analyses of the false alarm and miss errors, the three-way ANOVA found nothing significant, all F < 1, which does not support this idea.
In order to understand the interaction between catch trial type and cue validity, we proceeded, as planned, to perform two separate analyses: one on conditions with typical catch trials and the other considering conditions with catch cue trials.
Conditions With Typical Catch Trials
The two-way ANOVA on the mean RTs found a main effect of cue validity (valid vs. invalid), F(1, 30) = 4.79, p = .037, a marginal but nonsignificant effect of the number of target locations (TL2 vs. TL6), F(1, 30) = 4.02, p = .054, and an interaction between the two manipulations, F(1, 30) = 20.46, p < .001. The positive cuing effect of 10.8 ± 4.1 ms for TL2 reached significance (p = .020), as did the negative cuing effect of -30.9 ± 8.2 ms for TL6 (p = .002). Thus, this experiment replicated both the RT benefit for valid cue trials with a small number of target locations (Posner & Cohen, 1984) and the RT cost for valid cue trials with a large number of target locations Mordkoff et al., 2008) . A separate two-way ANOVA on the miss errors revealed that valid cue trials produced more misses than invalid cue trials, F(1, 30) = 8.95, p = .006, and that more misses occurred for TL6 than for TL2, F(1, 30) = 4.25, p = .048. The interaction between the two variables, F(1, 30) = 6.84, p = .014, and post hoc t tests confirmed that valid cue trials in TL6 generated the greatest rate of miss errors (p = .009), whereas no difference was found for TL2. The false alarm rates With typical catch trials 2 332.9 ms 343.6 ms n/a n/a n/a 0.30% 0.30% n/a n/a 9.00% With catch cue trials 2 385.2 ms 403.6 ms n/a n/a n/a 1.50% 2.00% n/a n/a 7.50% 6 386.4 ms 380.6 ms 381.3 ms 385.7 ms n/a 0.30% 0.60% 0.30% 1.00% 7.60%
Note. n/a = not applicable.
(i.e., responses on catch trials) did not differ between conditions, F < 1. That the valid cue trials with TL6 resulted in the highest miss errors (2.30%) may suggest that the cue masked the target under these conditions. However, the miss rates, in general, were too low to support any meaningful interpretation.
Conditions With Catch Cue Trials
In another two-way ANOVA on the mean RTs, the main effect of cue validity was marginal but nonsignificant, F(1, 30) = 3.44, p = .073, there was no main effect of the number of target locations, F < 1, but there was a strong interaction between the two factors, F(1, 30) = 12.89, p = .001. Paired-samples t tests confirmed the positive cuing effect of 18.4 ± 3.1 ms for TL2 (p < .001), but the small negative cuing effect of -5.85 ± 5.97 ms for TL6 was not reliable (p = .343).
No main effects or interactions were found in the miss errors and false alarm rates. Therefore, these results are consistent with the apparent-motion account and suggest that the catch cues successfully weakened the association between apparent motion and the presence of a target.
GENERAL DISCUSSION
By now it is clear that the effect of a short-SOA exogenous cue depends on the number of possible target locations. It has long been established that when only a small number of target locations are used, such as two, a positive cuing effect is consistently found McAuliffe & Pratt, 2005; Mordkoff et al., 2008; Posner & Cohen, 1984) . This study also replicated the positive cuing effect with two possible target locations, indicating that a cued target is facilitated by the capture of spatial attention. Adding irrelevant information such as a different type of catch trial did not alter this positive cuing effect, suggesting that an exogenous cue is consistently effective in capturing spatial attention when there is only a small number of possible target locations. More recently, it has been repeatedly shown that when the number of possible target locations is increased to four, six, or eight, a negative cuing effect is equally consistent Gawryszewski et al., 2005; Mordkoff et al., 2008) . Negative cuing effects at short SOAs might reflect the dual nature of the peripheral uninformative cue that, according to one of the alternative theories proposed by Klein (2000) , induces weak attentional facilitation but strong inhibition of target detection in the condition with large numbers of possible target locations. We previously suggested that temporal overlap may alter the negative cuing effect, reflecting the underlying mechanism . Specifically, when the cue stayed on at the target onset (as they did in the present study), the negative cuing effect decreased as the straight-line distance between the cue and the target increased, suggesting that the inhibition may be sensory in nature. In the other condition, when the cue and the target did not overlap in time, the cuing effect decreased with the increase of the cuetarget angular distance (using fixation as the origin), suggesting an oculomotor mechanism . Thus, the latter may be consistent with the attentional and motor-level explanations for long-SOA negative cuing effects (i.e., the finding of "inhibition of return"; for a review and meta-analysis, see Samuel & Kat, 2003) ; however, it is unknown whether negative effects at long and short SOAs share the same mechanism. As to the possible sensory mechanism responsible for the negative cuing effect that was ob- served with overlapping cues and targets, the present study examined whether a sensory confound-percept of apparent motion-accounts for the effect.
The present study tested whether the negative cuing effect with large numbers of target locations is due to a confound between the presence of targets and apparent motion. This confound, which was (unintentionally) included in all previous experiments with large displays, would act to aid performance on invalid cue trials and therefore could have been responsible for the reversal of the typical pattern of results. We reduced or eliminated this confound by adding catch cues on target-absent trials, such that the presence of apparent motion was no longer perfectly correlated with the need to respond. This eliminated the negative cuing effect.
Although the critical finding from our experiment is the elimination of the negative cuing effect when catch cues are used, two other aspects of the results deserve some discussion. First, one might ask why the confound between target presence and apparent motion does not affect performance (to any measurable degree) when the number of target locations is small. The most likely explanation for this comes from the associationist concepts of blocking and predictability (see Rescorla & Wagner, 1972) . With large numbers of display locations, a majority of the target-present trials involve an invalid cue and therefore, when standard catch trials are used, the apparent-motion confound. These are the ingredients for fast and effective conditioning. The information processing system is tuned to take advantage of whatever information is both detectable and consistently useful. In contrast, when only two locations are used, only half of the target-present trials involve invalid cues (which, when you include the catch trials, becomes less than half of all trials in the experiment), and there are just as many target-present trials without motion as with. These are highly suboptimal conditions for associative learning.
The second question one might ask is why, when catch cues were used, the cuing effect for the six target locations did not return to being positive. The answer here is probably that we have not yet identified every nonattentional advantage for invalid cue trials. For example, even though the use of catch cues will reduce or eliminate the association between motion and the need to respond, the presence of motion could still act as a nonassociative source of response activation, much like the so-called accessory signal effect that is found in a variety of RT tasks (see Hackley & Valle-Inclán, 1999) . In addition, there may be nonattentional factors that put valid cue trials at a disadvantage, preventing positive cuing effects. Visual masking may be such a factor. An increment cue might have masked and inhibited detection of the cued target. However, evidence showed no masking effect if the metacontrast mask (i.e., the mask that surrounds the target) precedes the target (Enns, 2004) . We call for further research effort addressing these questions.
Eliminating the phenomenon of apparent motion altogether would be the next experiment to test the apparent motion hypothesis for explaining the negative cuing effect with large numbers of target locations. However, given the limited time window (i.e., short SOA) between the cue and the target for the exogenous cuing paradigm, it may not be possible to eliminate the motion confound. The other possibility for follow-up studies would be to continue investigating whether the uninformative salient cue captures spatial attention regardless of the number of possible target locations. One way to observe whether the cue captures spatial attention, even though it does not produce an advantage in RT, would be by the use of event-related potentials. In particular, an enhanced P1 component can be taken as evidence of a shift of spatial attention (Hopfinger & Mangun, 2001) . As mentioned in Methods, our research team is planning to launch the eventrelated potential experiment using the same behavioral paradigm as used in the present study.
For the majority of this article, we have discussed attention in terms of focused, spatial attention because that is what exogenous cuing paradigms have been assumed to tap. The current findings support our hypothesis that negative cuing effects at short SOAs with large numbers of target locations are unrelated to the orienting of focused spatial attention. However, we do not exclude other types of attention that may be involved in this phenomenon. Learning and using the association between apparent motion and target presence may suggest that an attentional set for apparent motion is at work during the task. This attentional set may be determined by the observers' criterion level for target detection and criterion content for associating apparent motion to target presence (Bernstein, Fisicaro, & Fox, 1976; Kahne-man, 1968 ). Thus, negative cuing effects may still be attentional effects, but not quite the same as effects of spatial attention.
